Background: Although testing for human papillomavirus (HPV) has higher sensitivity and lower specifi city than cytology alone for detecting cervical intraepithelial neoplasia (CIN), studies comparing conventional and liquid-based cytology have had confl icting results. Methods: In the fi rst phase of a two-phase multicenter randomized controlled trial, women aged 35 -60 years in the conventional arm ( n = 16 658) were screened using conventional cytology, and women in the experimental arm ( n = 16 706) had liquidbased cytology and were tested for high-risk HPV types using the Hybrid Capture 2 assay. Women in the conventional arm were referred to colposcopy with atypical cells of undetermined signifi cance ( 
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Several studies have demonstrated that human papillomavirus (HPV) testing has a greater sensitivity but lower specifi city than cytology for detecting high-grade cervical intraepithelial neoplasia (CIN) ( 1 -13 ) . All of these studies have employed a split-sample, or two-sample, design, in which each woman is her own control. Although this is a suitable design for examining the cross-sectional sensitivity and false-positive rate for different tests, it does not permit long-term evaluation of different management strategies because usually all women with abnormal results from either test are subjected to further assessment and, possibly, treatment.
Liquid-based cytology has been widely introduced, especially in the last 5 years. However, evaluations of its sensitivity and specifi city have severe limitations ( 14 ) , because only a few studies computed relative sensitivity and false-positives in a primary screening setting using high-grade histology as the endpoint ( 15 -19 ) . In addition, either comparisons were made between nonrandomized populations ( 16 , 17 ) or a split-sample design was used ( 15 , 18 ) . The latter approach may compromise the accuracy of liquidbased cytology that is performed on the second sample because the diagnostic cells can be removed when taking the fi rst sample.
We designed a population randomized controlled trial, the New Technologies for Cervical Cancer (NTCC) study, to compare the effectiveness, acceptability, and cost of HPV testing and conventional cytology for primary screening for cervical cancer. In this study, we randomly assigned women to either conventional cytology or to the experimental arm. In the fi rst phase of the trial, women in the experimental arm were screened using thin-layer cytology and HPV testing of samples that were collected in liquid medium, and in the second phase women were screened using HPV testing alone. Thus, different groups of women were tested and underwent assessment and treatment according to different screening strategies. This design was chosen to permit the evaluation of sub sequent long-term rates of disease (CIN and cancer) associated with each strategy. In addition, the study was conducted on a very large population within the routine activity of organized screening programs. Therefore, it evaluates the impact of introducing HPV testing in routine screening practice.
We present here data from the fi rst phase of the trial on crosssectional sensitivity and specifi city at the fi rst screening examination, which was conducted at recruitment. We focus on the effect of using different criteria for referral to colposcopy (concerning the combined use of HPV and liquid-based cytology and the cutoff used for HPV testing). These criteria are essential for defi ning the best modalities of screening by HPV testing before it can be adopted routinely.
Because more women who are younger than 35 years of age are HPV-positive than women 35 years and older ( 20 ) , we applied a different protocol in the two age groups. Women younger than 35 years who were HPV-positive in the absence of cytologic abnormalities were advised to have repeat cytology and HPV testing, and women aged 35 years and older were referred directly to colposcopy if they were HPV-positive, independent of cytology. Because a different presentation of data is needed with the two phases, this report focuses only on the fi rst phase, among women aged 35 years and older.
S UBJECTS AND M ETHODS

Study Design
A randomized controlled trial was conducted in nine organized cervical screening programs in Italy that routinely actively invite women aged 25 -64 years for screening ( Table 1 ) . Women aged 25 -60 years who were attending a new routine cervical screening episode were asked to participate in the trial. Women who were pregnant, had undergone hysterectomy, or had been treated for CIN within the last 5 years were excluded. The persons acquiring the cervical samples, who had attended specifi c training, were required to obtain written informed consent from participants they recruited. Women were then randomly assigned to the conventional or to the experimental arm at a 1 : 1 ratio. In the Turin and Viterbo centers, computers were used. In the other centers, sealed numbered envelopes containing the random allocation were prepared by the local coordinating center, provided to each unit, and opened in sequence. The results of the assignment were then communicated to consenting women. The study was approved by the local ethics committees of the participating centers. The randomized clinical trial registration number is ISRCTN81678807. Here we report on the fi rst phase of the randomized trial among women aged 35 years and older.
The cervical cell samples were obtained by using a plastic Ayre's spatula and a cytobrush. A conventional smear was prepared for women who were randomly assigned to the conventional arm. During the fi rst phase of the trial, cervical cells of women who were randomly assigned to the experimental arm were put in PreservCyt solution (ThinPrep; Cytyc Corporation, Boxborough, MA) and were used for both liquid-based cytology preparation and HPV testing.
Women assigned to the experimental arm were referred to colposcopy if cytology indicated atypical cells of undetermined signifi cance (ASCUS) or higher. Women in this arm who were HPV-positive, independent of cytology results, were also referred to colposcopy.
Women assigned to the conventional arm underwent conventional cytology screening and were managed according to the protocol already in use for routine screening activity in each center. They were always referred to colposcopy if cytology was low-grade squamous intraepithelial lesion (LSIL) or higher. Depending on the protocol already in use in each center, women with ASCUS cytology were either directly referred to colposcopy (72%) or were recommended for repeat screening (28%) and were referred for colposcopy if repeat cytology results were LSIL or higher ( Table 1 ) .
The endpoint of the present analysis was histology-confi rmed cervical intraepithelial neoplasia grade 2 (CIN2) or higher or cervical cancer detected as a result of the screening test performed at recruitment and of its assessment. Results of tests performed after a recommendation to repeat at the standard Italian screening interval (3 years) were not considered. We included lesions that were detected up to 1 year after the fi rst referral to colposcopy.
Cytology
Liquid-based cytology was performed by using the ThinPrep system (Cytyc Corporation). One slide per woman was prepared according to the manufacturer's instructions. Both conventional cytology and liquid-based cytology were performed, without knowledge of HPV results, in the 14 laboratories (six in the Turin center) that routinely interpret cytology in regular screening programs. The same cytologists were assigned to liquid-based and conventional cytology. Abnormal slides were reviewed by a local supervisor (or, in Florence, by a panel of cytologists) before they reported the results to the women. This diagnosis was used both for the woman's management and for the study analysis. Two laboratories had no previous experience in interpreting liquidbased cytology, seven had previous experience with the ThinPrep system (500 -10 000 slides read per laboratory), and fi ve laboratories had previous experience with another liquid-based system (approximately 1000 slides read per laboratory). Cytologists from all laboratories attended a training course that was provided by the manufacturer before the start of the study.
Cytology was classifi ed according to the Bethesda 1991 guidelines (TBS 1991). The ASCUS subcategories recommended in the TBS 1991 were not applied. We used the TBS 1991 guidelines to avoid problems due to a switch to the 2001 classifi cation, which was introduced just before the start of the study. All centers routinely conducted activities to improve the sensitivity and specifi city of cytologists. These included monitoring the distribution of diagnoses and positive predictive values (PPVs) and the circulation of Pap smears and discussion within and among laboratories. These activities were continued during the study period. In addition, as an exercise to improve consistency between centers, a set of 30 liquid-based cytology slides that were diffi cult to classify was circulated to each center during the study. The slides were read blindly at each center, and slides with discrepant diagnoses were discussed among the representatives of each center.
HPV Testing
HPV testing was done, blind to cytology results, in seven laboratories by using the Hybrid Capture 2 assay (HC2; Digene Corporation, Gaithersburg, MD). Only the group of probes designed to detect high-risk HPV types 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 59, and 68 was used. After preparation of one cytology slide, 4 mL of the remaining PreservCyt sample was processed with the Sample Conversion Kit (Digene) followed by HC2 assay, according to the manufacturer's instructions. When less than 4 mL of sample was available (for 310 women), women were recalled for another sample. HC2 results were expressed as the ratio of the specimen's light emission to that of three concurrently tested 1 pg/mL HPV DNA controls (Relative Light Units [RLU]). Therefore, RLU is an (indirect) measure of the specimen's viral concentration relative to 1 pg/mL. Before the start of the study, technicians in all centers attended a training course that was provided by Digene. A set of quality assurance procedures was implemented, including the use of controls from the manufacturer with known HPV DNA content and the circulation of clinical samples prepared by one of the participating laboratories. These procedures showed high accuracy and reproducibility of HPV detection -only three of 1024 target samples containing purifi ed concentration-defi ned HPV DNA were incorrectly scored in a positive versus negative classifi cation, and the multiple-rater k scores were 0.91, 0.60, and 0.69 for HPV negative, HPV lowpositive, and HPV high-positive, respectively ( 21 ) .
Colposcopy and Histology
The same colposcopists who had access to the participants' cytology and HPV status were used in the experimental and conventional arms of the study. Suspicious areas identifi ed by colposcopy were biopsied. Women were referred for repeat colposcopy using routine protocols according to the colposcopist's judgment. The main reason for repeating the colposcopy was a lack of histology-confi rmed CIN in the presence of clearly abnormal cytology. Histology was read locally by pathologists who were not blinded to cytology and HPV results but was reviewed centrally by investigators who were blinded to study arm, to the original diagnosis, and to the cytology and HPV results.
Histology Review
All specimens of women who had histologically determined CIN1+ within 1 year after referral to colposcopy were reviewed blindly and independently. For each woman, all histologic slides were provided together, and the most severe diagnosis was used. If the relevant material could not be retrieved (22 of 650 women), the most severe initial diagnosis was considered. Each patient's specimens were reviewed blindly and independently by one or two pathologists. If a pathologist did not agree with the original diagnosis regarding the presence of CIN2+, the information was discussed by a group of pathologists and a consensus diagnosis was reached. This consensus diagnosis was then used in the analysis.
For most women who were diagnosed with CIN2/3 and for 12% of those with CIN1, each patient's specimens were independently reviewed by two pathologists who were randomly selected from a pool of nine, i.e., one per center. Consensus discussions included all nine pathologists when necessary. The remaining cases (88% of CIN1, with fi ve of CIN2/3 also included to ensure that reviewers were blinded to the original diagnosis) were reviewed by one pathologist who was selected among the three most expert, and, if needed, consensus discussions included all three pathologists. Overall, considering all age groups, 4.2% of women with CIN1 were upgraded to CIN2 (and none was upgraded to CIN3), with no difference by method of review ( P = .98); 11.3% of women with CIN2/3 were downgraded to CIN1 or to no CIN.
Statistical Analysis
Sensitivity and specifi city of different combinations of HPV and liquid-based cytology were computed within the experimental arm. Exact confi dence intervals were calculated. Only women who had a valid relevant test were included in the analyses. The sensitivity and specifi city of different approaches among subjects with valid results for both tests were compared by the McNemar test ( 22 ) .
The relative sensitivity of different combinations of liquidbased cytology and HPV versus conventional cytology was estimated using CIN2+ and CIN3+ detection rates relative to the conventional arm. All randomly assigned eligible women were included in the analyses. The relative PPV versus that of conventional cytology was computed by including only women who actually underwent colposcopy. If a center effect on relative sensitivity or relative PPV was present, the confi dence interval was calculated by using a multilevel random effects model with random intercept and random slope ( 23 ) . All P values are two-sided, and P <.05 was considered statistically signifi cant.
Performing random colposcopies on a sample of women who were negative for both tests was judged as unfeasible for the expected strong negative impact on recruitment. Therefore, absolute sensitivity and specifi city estimates are not corrected for verifi cation bias.
The study size of the entire trial (that includes two phases, one with HPV plus liquid-based cytology and one with HPV only in the experimental arm) was determined to have suffi cient statistical power to show a reduction in the detection rate of CIN2+ in the experimental versus conventional arms at the next screening examination. Assuming a loss to follow-up of approximately 30% and a detection rate of 3.0 CIN per 1000 women in the conventional arm, the target study size of approximately 100 000 women provides greater than 80% power to detect a 32% reduction of detection rate in the experimental versus conventional arms as statistically signifi cant at the 5% level using a two-sided test.
R ESULTS
We randomly assigned 45 307 women in the fi rst phase of recruitment ( Fig. 1 ) . Of them, 133 (81 from the conventional and 52 from the experimental arm) were excluded because they had been randomly assigned but were not eligible. Therefore, a total of 22 466 eligible women were randomly assigned to the conventional arm and 22 708 to the experimental arm.
Further analyses are based on the 16 658 and 16 706 women aged 35 years and older who were randomly assigned to the conventional and experimental arm, respectively. Median age was 45 years in both arms ( P = .97). More than half of the women in the conventional (53.0%) and the experimental arm (53.8%), respectively, had been screened for cervical cancer in an organized program within 4 years of enrollment ( P = .14).
Women were managed according to the intended protocol, with a few exceptions due to local clinical decisions ( Fig. 1 ) . At least one colposcopy was received by 93.0% of referred women (90.8% in the conventional arm and 93.7% in the experimental arm). Among women who received colposcopy, the mean number of colposcopies per woman was 1.32 in the conventional and 1.21 in the experimental arm. Two of 51 women were diagnosed with CIN2+ as a result of repeat colposcopies in the conventional arm versus fi ve of 75 in the experimental arm.
Liquid-Based Cytology and Conventional Cytology Results
A statistically signifi cantly lower proportion of women in the experimental arm (liquid-based cytology) than in the conventional arm had at least one unsatisfactory Pap smear ( n = 418 [2.5%] versus n = 620 [3.7%], P <.001). In particular, the frequency of women with unsatisfactory cytology because of obscuring infl ammation was much lower in the experimental arm than in the conventional arm ( n = 71 [0.42%] versus n = 325 [2.0%], P <.001), but the frequency of women with unsatisfactory cytology for other reasons was slightly higher in the experimental arm than in the conventional arm ( n = 347 [2.1%] versus n = 295 [1.8%]).
Cytology results and reviewed histologic results by study arm are summarized in Table 2 . More women in the experimental arm than in the conventional arm were classifi ed as having ASCUS and LSIL cytology (for ASCUS, n = 553 [3.3%] versus n = 382 [2.3%], P <.001; for LSIL, n = 297 [1.8%] versus n = 170 [1.0%], P <.001). High-grade squamous intraepithelial lesion (HSIL) or more severe cytology was detected in 54 (0.32%) of women in the experimental arm and in 42 (0.25%) in the conventional arm ( P = .23). Overall, 594 women in the conventional arm (3.6%) had ASCUS or more severe cytology versus 904 in the experimental arm (5.4%). The proportion of women with ASCUS+ cytology decreased with age in both arms but more steeply in the experimental arm ( Fig. 2 ) .
HPV Positivity Rate
Overall, 7.1% of women in the experimental arm were HPVpositive ( Table 2 ) ; the rate of HPV-positive women decreased with age ( Fig. 2 ) . Among women with normal cytology, 5.4% were HPV-positive at 1 pg/mL cut-off versus 24.1%, 42.1%, and 77.8% of women with ASCUS, LSIL, and HSIL+ cytology, respectively ( Table 2 ) . Overall, therefore, 10.6% of all women in the experimental arm were either HPV-positive or had ASCUS+ cytology, whereas 1.80% were both HPV-positive and had ASCUS+ cytology. The proportion of women who were HPVpositive was reduced to 5.4% using a cutoff of 2 pg/mL and to 3.4% using a cutoff of 10 pg/mL ( Table 3 ) .
Sensitivity and Specifi city of HPV Versus Liquid-Based Cytology and Effect of Different Cutoffs for HPV Testing on Referral to Colposcopy
Overall, 75 women with CIN2 or more severe histology were identifi ed in the experimental arm. Among them, 54 had ASCUS or more severe cytology and 73 were HPV-positive ( Table 2 ) . Among those who were HPV-positive, 68 had a RLU ≥ 10.0 and 72 had a RLU ≥ 2.0, whereas only one woman with CIN3 (none with CIN2) had a RLU between 1.0 and 2.0, thus a viral concentration between 1 and 2 pg/mL ( Table 3 ) .
HPV testing with a 1 pg/mL cutoff was more sensitive but less specifi c than liquid-based cytology with an ASCUS cutoff, considering both CIN2+ and CIN3+ histology endpoints. HPV testing with a cutoff of 2 pg/mL was also more sensitive for CIN2+ than ASCUS+ liquid-based cytology, with a similar specifi city for both CIN2+ and CIN3+ ( Table 4 ) .
Comparison of Different Strategies Versus Regular Practice With Conventional Cytology
In the conventional arm, 51 women with CIN2+ histology were identifi ed ( Table 2 ) . When compared with conventional cytology (in which ASCUS was the cutoff for colposcopy), the relative sensitivity for CIN2+ histology in the experimental arm (either ASCUS+ from liquid-based cytology or HPV ≥ 1 pg/mL) was 1.47 (95% CI = 1.03 to 2.09) ( Table 5 ). However, this resulted in a decrease of PPV from 11.4% to 4.5% (relative PPV = 0.40, 95% CI = 0.23 to 0.66). With HPV ≥ 1 pg/mL alone as a criterion for colposcopy, the sensitivity relative to conventional cytology was still increased (relative sensitivity = 1.43, 95% CI = 1.00 to 2.04), whereas PPV was 6.6% (relative PPV = 0.58, 95% CI = 0.33 to 0.98). With HPV ≥ 2 pg/mL alone as a criterion for colposcopy, an increase in sensitivity was suggested compared with conventional cytology (relative sensitivity = 1.41, 95% CI = 0.98 to 2.01), and PPV was 8.5% (relative PPV = 0.75, 95% CI = 0.45 to 1.27).
By using liquid-based cytology with ASCUS+ as the only cutoff for referral to colposcopy, the sensitivity was similar to that obtained in the conventional arm with conventional cytology (relative sensitivity = 1.06), but PPV was decreased to 6.5% (relative PPV = 0.57, 95% CI = 0.39 to 0.82). The relative sensitivity and relative PPV for CIN2+ of liquid-based ASCUS+ cytology versus conventional ASCUS+ cytology were 1.03 and 0.67, respectively, when the analysis was restricted to the seven centers that referred to colposcopy all women with ASCUS cytology in both arms. Relative sensitivity and PPV for HPV testing alone and for HPV testing with liquid-based cytology also changed only slightly when only these seven centers were considered (data not shown), and there was no evidence of heterogeneity in relative sensitivity and relative PPV between these centers and the centers that referred women in the conventional arm with ASCUS cytology for repeat testing.
No statistically signifi cant variation of relative sensitivity and relative PPV by age group was observed. There was also no effect of center on relative sensitivity. However, there was heterogeneity between centers regarding the relative PPV versus conventional cytology of HPV at 1 pg/mL ( P = .02); the same was true for HPV at 2 pg/mL ( P = .028) and for liquid-based cytology with HPV ( P = .042) but not for ASCUS+ liquid-based cytology alone ( P = .13).
With CIN3+ histology as the endpoint, relative sensitivity and PPV results were in the same direction as with CIN2+. In particular, the relative sensitivity versus that in the conventional arm was 1.25 with either ASCUS+ liquid-based cytology or HPV >1 pg/mL as a Age group % of women Fig. 2 . The percentage of women who were human papillomavirus (HPV)-positive and with atypical squamous cells of undetermined signifi cance or higher (ASCUS+) cytology by age group; point estimates and 95% confi dence intervals are shown. HPV-positive ( diamonds ) and ASCUS+ cytology in the experimental arm ( squares ); ASCUS+ cytology in the conventional arm ( triangles ). Percent HPV-positive was determined for women with valid HPV tests ( n = 16410). Percent ASCUS+ was determined for women with valid cytology who were randomly assigned to the conventional ( n = 16 255) and experimental arms ( n = 16 383), respectively. * CIN = cervical intraepithelial neoplasia. † RLU is the ratio of the specimen's light emission (RLU relative light units) to the average light emission of three concurrently tested 1 pg/mL HPV DNA controls. ‡ Percents are on row total.
criterion for colposcopy and was 1.22 with HPV ≥ 1 pg/mL alone, although none of these differences reached statistical signifi cance.
D ISCUSSION
This study presents the fi rst results from a randomized trial that compares conventional cytology and the combined use of HPV testing and liquid-based cytology. It also allowed HPV testing and liquid-based cytology to be compared in the same women. With respect to conventional cytology, HPV testing with a 1 pg/mL cutoff supplemented by liquid-based cytology led to a substantial (47%) increase in sensitivity for CIN2+ but also to a 60% loss in PPV. Increases in sensitivity were still obtained with HPV alone at 1 and 2 pg/mL cutoffs (43% and 41%, respectively, compared with conventional cytology), and these approaches reduced the losses in PPV (42% and 25%, respectively, compared with conventional cytology). Liquid-based cytology did not cause an increase in sensitivity compared with conventional cytology but led to a substantial (43%) reduction in PPV.
The study was conducted within organized screening programs on a large population, a situation very similar to routine application. Nearly 80% of eligible women were enrolled. Therefore, our results are representative of those that would be expected in routine application. The referral rate, detection rate of CIN2+, and PPV observed in the conventional arm were similar to those observed in the Italian organized cervical screening programs among women aged 25 -64 years in 2000 -2002 [2.7 -3.0%, 2.8 -3.0 per 1000, and 11.4 -15.4%, respectively ( 24 ) ]. The detection rate (and consequently PPV) was low compared with that in other countries, even considering the age distribution, refl ecting the low risk of cervical neoplasms in Italy ( 25 ) . A very low incidence of interval cancers was previously observed during the regular screening activity of the largest center ( 26 ) , strongly Table 4 . Sensitivity and specifi city of liquid-based cytology and human papillomavirus (HPV) testing in the experimental arm * Sensitivity (95% CI) Specifi city (95% CI)
Liquid-based cytology ≥ ASCUS * Women (including one CIN2 and one CIN3+) without valid cytology ( n = 190) were excluded from computations for liquid-based cytology ≥ ASCUS. Women without a valid HPV test (no CIN2+) were excluded from computations for HPV ( n = 296). Women (including one CIN2 and one CIN3+) without either valid test were excluded from computations of P values comparing tests ( n = 451). CI = confi dence interval; CIN2+ = histology-confi rmed cervical intraepithelial neoplasia grade 2 or more severe; CIN3+ = histology-confi rmed cervical intraepithelial neoplasia grade 3 or more severe; ASCUS = atypical squamous cells of undetermined signifi cance.
† P <.001 versus liquid-based cytology ≥ ASCUS (two-sided McNemar test). ‡ P = .034 versus liquid-based cytology ≥ ASCUS (two-sided McNemar test). * All eligible randomly assigned women were considered for the detection rate and relative sensitivity. Only women who actually had colposcopy were included in PPV and relative PPV calculations. CIN2+ = histology-confi rmed cervical intraepithelial neoplasia grade 2 or more severe; CIN3+ = histology-confi rmed cervical intraepithelial neoplasia grade 3 or more severe; ASCUS = atypical squamous cells of undetermined signifi cance; HPV, human papilloma virus; CI = confi dence interval; LSIL = low-grade squamous intraepithelial lesion.
† P = .0496 by Mantel -Haenszel chi square. ‡ P = .0503 by Mantel -Haenszel chi square. suggesting that a low detection rate does not result from failure to identify progressive lesions. Individual randomization of this large population guarantees that a difference in the detection rate of histologically confi rmed lesions between arms can be attributed to test sensitivity and not to a difference in baseline risk of the populations. Liquid-based and conventional cytology showed similar sensitivity, but the PPV was greatly reduced with liquid-based cytology, even when restricting the analysis to the centers that used the same criteria of referral to colposcopy with both methods. This reduction was the result of a larger proportion of women being classifi ed as having ASCUS+ cytology with liquid-based cytology but of no increase in the detection of histology-confi rmed lesions. In previous studies without split sampling (directto-vial), a higher proportion of LSIL was generally reported with liquid-based cytology than with conventional cytology ( 16 , 17 , 27 -33 ) , whereas an increase in HSIL cytology was frequently ( 16 , 27 -31 ) but not always ( 19 , 32 ) reported. Regarding ASCUS, some studies found lower detection rates ( 16 , 27 -29 ,34) whereas others found higher rates ( 31 -33 , 35 ) . The few studies, each with less than 10 000 women, which computed relative sensitivity for biopsy-proven high-grade CIN in a primary screening setting provided confl icting results ( 15 -18 ) . In most of these studies ( 15 , 16 , 18 ) , the false-positive rate was higher with liquid-based cytology than with conventional cytology. The main advantage of liquid-based cytology was an overall reduction of unsatisfactory slides, which has been consistently observed in previous direct-to-vial studies ( 16 , 28 -33 , 35 ) .
HPV testing for high-risk types was more sensitive than both conventional (by approximately 40%) and liquid-based (by approximately 30%) cytology. This was true both with CIN2+ and with CIN3+, the more proximal precursor of cancer, as the endpoint. Previous studies comparing HPV testing with conventional ( 1 -9 , 11 -13 ) and liquid-based ( 4 , 10 ) cytology consistently found higher sensitivity with HPV testing. Many of them, however, were based on self-referred women ( 2 , 4 , 5 , 8 , 10 , 12 , 13 ) . In addition, some were conducted in populations at high risk ( 6 , 7 , 9 ) or women who were younger than the overall spectrum of the screened population ( 1 , 5 , 10 ) . Results of these previous studies are consistent with our fi ndings in a large, population-based randomized study addressing a low-risk population.
Only two of the 75 women in the experimental arm with CIN2+ were HPV-negative, and little was gained by performing liquid-based cytology on every woman. However, doing this reduced specifi city and led to many unnecessary referrals. Thus, our data strongly suggest that supplementing HPV testing with cytology provides little advantage and mainly increases costs and anxiety. Based on these results, a second phase of the trial, in which HPV testing alone is compared with conventional cytology is now being undertaken.
Moreover, no high-grade lesion was found among 845 HPVnegative women with ASCUS cytology. Therefore, this result strongly supports the use of HPV in triaging ASCUS when cytology is performed fi rst, as previously reported ( 11 , 36 -38 ) .
HPV testing alone using a 1 pg/mL cutoff reduced PPV by approximately 40% compared with conventional cytology ( Table 5 ) . Using a 2 pg/mL cutoff provided almost the same sensitivity but strongly reduced the number of women to be referred for colposcopy. The 2 pg/mL cutoff led to a PPV only 25% lower than that obtained with conventional cytology, suggesting this is more appropriate for population screening at least when liquidbased cytology samples are used. A similar result was obtained in the HPV in Addition to Routine Testing (HART) study ( 11 ) . However, in a high-risk population in Costa Rica the optimal cutoff was 1 pg/mL ( 7 ) . It should, however, be noted that relative PPV for HPV versus conventional cytology varied statistically signifi cantly between centers. An explanation could be different progression from infection to high-grade CIN, possibly depending on a different HPV type and variant mix in different centers.
The study has a few potential limitations. Because colposcopies were performed only on women who were positive for either test, estimates of absolute values of sensitivity and specifi city could not be corrected for verifi cation bias. In addition, although cytologists were blinded to HPV results, they knew that women having liquid-based cytology were also tested for HPV. This situation could have unconsciously caused the application of broader criteria of interpretation.
The HART study ( 11 ) showed that surveillance of HPVpositive but cytologically normal women by repeat HPV testing and cytology at 12 months led to the same detection rates of CIN2+ as direct referral for colposcopy. A possible strategy is, therefore, to test women for HPV, triage by cytology those who are positive, and directly refer women who are positive for both tests for colposcopy. Women who are HPV-positive but cytologically normal could repeat tests at 1 year. In our study, 1.80% of women in the experimental arm were positive both for high-risk HPV and had ASCUS+ cytology. Another 5.29% were HPVpositive but cytologically normal. Assuming a clearance of HPV after 1 year to be approximately 50%, as observed in most published studies ( 11 , 39 ) , the overall referral rate would be approximately 4.5%, compared with 3% in the conventional arm. When a cutoff of 2 pg/mL is used, the same strategy would lead to a referral rate of approximately 3.5%. However, a high rate of compliance to repeat testing is essential for this approach to work, and immediate referral should be considered for HPVpositive women unlikely to comply with repeat testing.
The follow-up phase of this study will compare the detection rate of CIN2+ after recruitment and up to and including the next regular screening invitation at 3 years in the two arms. Women with normal cytology in the conventional arm will be compared with those negative for both tests in the experimental arm. A very low detection rate in the experimental arm would prove that longer intervals could be used with HPV testing. The study has adequate power to investigate a reduction of CIN2+ at follow-up, but it is also the pilot study for a larger proposed study to examine reduction in cancer incidence as an endpoint.
